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-LIQETNk AND FOBEST FIBES W CALIFOBNU. 

By ANDREW H. PALMER, Obaerver. 
[Daw U. 8. Weather Bureau a m ,  S m  Fnmclsco, W., July 14,1016.l 

The inau ration of the fire-weather warning service 

opened another interesting field for investigation in 
meteorology.1 New problems have presented themselves 
for solution. The dficulties encountered to date have 
been largely the result of a lack of data, the absence of 
normals, and the want of precedent. Though forest 
fires doubtless occurred long before man appeared on 
the earth, a systematic record as to their causes extends 
over comparatiwly few years. In  the United States 
the matter was not given serious attention until lSS;), 
when a table of forest-fire statistics was prepared as B 
part of the Tenth Census. The investigation of the rela- 
tion of weather to €orest fires is of even more recent data, 
while the fire-weather warning service was inaugurated 
in the Pacilic Coast States in 1913 on t!ie recornmenda- 
tion of District Forecaster E. A. Reals. 

With reference to their origin, forest fires may be di- 
vided into two grou 3, those caused b man and those 

larger of the two groups, it is not the purpose of this 
paper to discuss them in detail. Those caused by nature 
may be subdivided into three groups, (1) those caused 
by “spontaneour” combustion, (2) those caused by vol- 
canic eruptions, and (3) those caused by lightning. 

“Spontaneous” combustion is a direct cause of forest 
fires only in rare iastances, and as an observed source 
there are few cases on record. However, of the many 
forest fires of unknown ori ‘n it is believed that some, 
at least, were thus produce8 The exudation of oils and 
other mineral matter from the ground, or the close pack- 
ing of damp leaves and grass on the forest floor may at 
timw produce chemical reactions which might result in 
combustion. Forest fires caused by volcanic eruptions 
had not been recognized in the United States until May 
19, 1915, when an eruption of Lassen Peak in northeast- 
ern California was accompanied by a blast of superheated 
gases which kindled two forest fires in that vicinity.z XY 
natural causes of forest fires spontaneous combustion 

as a part o rl the work of the U. S. Weather Bureau has 

caused by nature. b i l e  those cause C l  by man are the 

and volcanic eruptions must therefore be conaidefed rare 
in the United States. The third natural cause, Eghb 
ning, and its relation to forest fires, is the subject of this 
discussion. 

LIQETNING ANI) FOREST FIRES I N  THE UNITED STATES. 

On the national forests of the United States during the 
five-year period 191 1-1915, inclusive, &es were caused 
as follows: Railroads, 14.4 per cent; campers, 15.6 per 
cent; brush burning, 7.9 per cent; lumbering, 1.8 per 
cent; lightning, 29.5 per cent; incendiary, 8.7 per cent; 
miscellaneous, 5.3 per cent; and unknown, 16.8 per cent. 
Lightning is a more important factor in causing forest 
*es than it is in causing fires in cities, the proportion - -  being in the ratio of 7 to i. 

The relation of lightning to forest fires in the United 
States was studied in 1912 bv Mr. Fred G. Plummer. of 
the United States Forest Serkice.’ The more im ort’ant 
conclusions reached by Mr. Plummer may be brie i! y sum- 
marked as follows: 
Trees are the objects most often struck by lightning, 

because: (a) They are the most numerous of all ob’ecta; 
(6 )  as a gart of the ground, they extend upward and 
shorten t e distance to a cloud; (e) their spreadin 

present the ideal form for conducting an electrical dis- 
char e to the earth. Any kind of tree is likely to be 

locality will be the dominant species. The likelihood of 
a tree bsing struck by lightning is increased: (a) If it 
is taller than surrounding trees; (b )  if it is isolated; (c) 
if it is on high ground; ( d )  if it is well (deeply) rooted; 
(e! if it is the best conductor at tho moment of the flash; 

rain, transform it for thc time from a poor con % uctor wet by to 
that is, if temporary conditions, such as bein 

a good one. Lightning ma bring about a forest fire by 

forest fires caused by lightning robably start in the 
humus. Other things being equaf trees growing in dif- 
ferent soils differ slightly 111 siisceptibilit to hghtning 
stroke. One study gave these results: Eoam, 23 per 
cent; sand, 18 per cent; clay, 17 per cent; and others, 
42 per cent. Zones of marked hazard from li htning- 
clue part1 to soil variations, partly to minera f deposita, 
and p a r t i  to altitude-are recognized throughout the 
West. T e conductivity of wood is governed by its 
moisture content and its temperature. Electricity trav- 
erses wood more easily in the longitudinal direction of 
its fibers than across them. About 2 per cent of trees 
struck by lightning are ignited. While trees do not dif- 
fer greatly as to theii susceptibility to lightning, they do 
differ greatly as to inflammability. 

branches in the air and spreading roots in the groun f 
struc s c by lightning. The greatest number struck in any 

igniting the tree itself or t P le humus a t  its base. Many 

LIQHTNINQ AND FOREST FEES IN CALIFOENIA. 

In  California there are 18 national forests in which are 
included a total area of 19,575,000 acres. Not allof this 
land is timbered, but there are about 17,400,000 acrea of 
standing timber in the State. These 18 national fore&, 
which are separate and distinct from the national parks, 
are shown in outline in figure 1. As California is a large 
State containin 5 per cent of the total area of the coun- 

topography, soil, and climate,. its trees include 125 o the 
500 to 600 species growing in the United States. An 

9 try, and as it h as within its borders a great variet of 
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emllent.opportunity is therefore offered for investi at- 

in California. 

in the relation of weather and climate to forests, an d the 
fo K owing remarks refer only to conditions which obtain 

ditions are of even Of these tem- 
The desert regions 
valleys of the San 

Jo  uin and the Sacramento are too dr in the summer 

important climatic control is precipitation, which varies 
from ractically nothin to more than 100 inches per year 

tion increases with height above sealevel up to a certain 
level above which it diminishes again. Up to the 6,500- 
foot ievd there is an average increase of about 0.9 inch in 
the annual rainfall with every 100-foot increase of height 
above sealevel, the rate of increase being particularly 
marked between the 3,000- and 4,000-foot levels. Beyond 
the 6,500-foot level the rate of increase becomes nega- 
tive. that is, the mean annual precipitation decreases with 
he&. The Sierra Nevada, while not perpetually snow 
covered, receives, durin8 the winter months, the heaviest 
known anowfall in the United States. The State also has 
a distinct wet and a dry season, though the distinction is 
less marked in the mountains than elsewhere. 

to  7 a low .vigorous forest development. %y far the most 

in &ent partg of the s tate. On the average, precipita- 

1. KLAMATH IO. S TANISLAUS 

2. TRINITY I I .  MONO 

3. CALIFOIRNIA I.?. INYO 

13. SIERRA 

14. SEQUOIA 

15. UONTEREY 

I6 SANTA BARBARA 

17. ANGEES 

9. ELDORAW Id. CLWELAND 

Fm. 1.4aUfna map of California showing the lomtions and extents of it3 mtlulurl 
forests. 

Partly because of the increased precipitation and a more 
nearly uniform distribution throughout the year, and 
partly because of the absence of excessive heat dying the 
ummer months, the  forest regions coincide wlth the 
elevated portions of the State. Distance from the coast 

is also a factor which determines the distribution of : 

certain trees. For example, the coast redwood, Sequoia 
twtnperirirms, one of the most t pica1 of California trees, 
is found only within 30 miles of t K e coast. This is because 
it requires considerable moisture and a damp atmosphere 
throughout the year, and it can not endure severe tem- 
perature extremes. It is one of the few trees that can 
estract measurable precipitation from the fo so com- 

this kind is dripping wet during a fog, the foliage acting 
as a condenser. 

Weather when considered hi its relation to the various 
causea of forest fires niay be either a direct or an indi- 
rect influence. As an indirect factor it is more impor- 
tant than as a direct cause. This arises from a complex 
coinhiuation of conditions, which may be summanzed 
briefly as follows: A drou h t  is a prerequisite of a forest 
fire. High winds, artly % ecause they accelerate evapo- 
ration, but princip & y because of thew faiming effect are 
second on1 in iin ortance to droughts as a contributory 

of the front portion of an antic clone, are the most 

cam ers, increases tshe amount of railroad tra ic, as well 

contributes to the fire hazard. As an indirect influence, 
therefore, the importance of the weather in its relation 
to forest fires is paramount. 

It is as a direct cause of forest firm, however, that 
weather is here considered. Lightning is the sole direct 
a cnt throu h which weather operates to produce fires of 
tfis kind. 'fable 1 shows the fires, classified by causes, on 
the national forests of California for the ei ht-year period, 
1908-1915, inclusive. Of the 7,789 fires o % served during 
that period, 2,434, or a t  least 31 per cent, were due to 
lightning. Of the 6,353 fires in which the causes were 
determined, a t  least 38 per cent were due to lightning, 
but i t  is reco ixed that yet lar er numbers might be 

for the present purpose. It was the most important 
single cause of forest fires. Both for the United States aa 
a whole, with 29.5 per cent, and for California with 31 per 
cent lightning leads while railroads were fourth and fifth 
in importance, respectively. The difference is due partly 
to the relatively greater number of thunderstorms m the 
California forests, and partly to the relatively smaller 
amount of railroad traffic. 

Of those forest fires whose causa were determined the 
percentage due to lightning each year was as follows: 1908, 
37; 1909, 26; 1910, 32; 1911, 47; 1912, 33; 1913, 65; 
1914, 36, and 1915, 25. The actual number of fires, as 
well as the number resulting from lightnin varied 

!$owever, lightning waa t&e leading single cause in six 
of the eight years, careless campers in 1909 and 1915 alone 
causing more fires than lightning. If but 2per cent of 
trees struck by lightning in California igmte, as Mr. 
Plummer states is true for the United States as a whole, 
it means that 121,700 trees were struck by lightning on 
the national forests of California during the eight years, 
or an average of 15,212 trees each year. 4 The importance 

inon along tlie California coaht in summer. r forest of 

factor. H Y K  ot, nort erly, desiccating winds, characteristic 

troublesonic predisposin cause o s forest fires in Cali- 
fornia. Moreover, tho P ne dry weather hrin Y out, the 

as t E e lumbering and brush burning, and thus further 
# 

nearer the trut f since records are E nown to be incomplete 

eatly from year to year as is indicated in t % e table. 

- 
4 The U. 8. Forost Servlceststes that even with the perfkte 1 Ere-detectlan system some 

lreeasretIniiht1~struCki)v liehtninnwhlchsreneverdetocte~bvthelaokoutm~. Fur- ~ 

ther it is.& KGral pr%i&Gotto 16du ie In are reports Ares dheto-l&htuGwhlch -do 
not requlre the presence of rangers or patrdmen. Rninr often imme~lately follow U ht- 
niug storms, thus m a h g  It unnecessary for the protectlre force to look after all h w  
cuosc~l by lightnin ~ 

rather than preaiso S V ~ ~ ~ ~ ~ S . - E D I T O B .  
Prom these eonskierations it anpara that the reported cme+s hvnll minimum tigum 
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,I 
FIQ. 2.-An earlier stage in the development of a very severe thunderstorm either over or behind Mount Shasta, Csl. (Photo by C .  A. Gildwist.) 
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of lightning as a faotor in the causes of forest fires is 
apparent from these figures. 

TABLE l.-fires in national forests in  Calij’mnh, elas8ajfed by aiiise8. 

[Statistics furnished by U. S. Forest Serviea.] 
. ._ ........... 

I IT 
- 

I 
i 

Railroads.. .... 
csm ers ....... 
Bru& burning. 
Lum berlng..... . 
Lahtni ng...... 
Ineendlsry ..... 
Iblaeellaneous.. 
ullknom.. .... 

Tot81 ..... * 8 8  *474 *S3 797 812 i i l l  1,6211 11,168 I 17,789 I i 974 

* Returns less complete for these years. 

It is probable that few forest fires ass unobserved. 
Durin 1915 theU. S. Forest ServiceiiiCJfornia employed 

The lookout men were stationed on hi h eaks mid rv- 

graph. In  addition, private owners employed SO patrol- 
men. 

Lightning rarely occurs independently of a thuitdcr- 
storm. Thunderstorms, however, are of various kinds. 

85 loo K, -out men and 555 rangers, patrolmen, and firemen. 

ported fires to the district ranger by te f B  ep one or holio- 

intensity, with few electric discharges in the form of 
But one thunderstorm occurs each yiwr on zht&g e average at  San Francisco. In the mountain regions, 

however, where most of the forests me situated , th undcr- 
storms occur throughout the year, though they arc most 
fre uent during the simmer months. They mi! olten 
vi0 Y ent and long continued, and are accompanied by 
numerous lightning discharges. Under the strong inso- 
lation which California receives during the long summer 
days, local heating of tho air results in vertical convection 
which produces cumulus clouds, a characteristic feature 
of the landscape during aftenloon hours. Under fa- 
vorable conditions , which include moderate or high 
humidity and calms or light winds, these cumulus clouds 
become overdeveloped and produce cuniulo-nimbus, or 
thunderheads. The photograph shown in figure 2 was 
taken by M i .  C. A. Gilchrist and is here reproduced 
throu h his courtesy. It shows a stage in the formation 

storm subsequently attained areat violence, and was 
accompanied by destructive lig%tning. As iudicttted in 
the foreground, the view was taken during the haying 
time of early summer, when snow was still abundant 
on Shasta. The summit of this mountain is 14,350 feet 
above sealevel and more than 2 miles above the floor of 

. 

of a t a understorni over Mount Shasta. This particular 

the valley shown in the It would thus 
ap ear that the cirrus ca of the ascending 

ore the top of the co f umn must have been fu  
mountain, or about S niiles above sealevel. 

During the sunimcr months thc weather of Culifoniiu 
is dominated by the great North I’ucific HIGH. For this 
reason the surface wmds are local in origin, while the 
upper air is almost stagnant, as far as ho+zontal currents 
are concerned. The amount of rain which accompanies 
these local thunderstorms varies greatly, though it is 

generally light. No relation is apparent between the 
amount of rain which falls during one of these storms and 
the number of lightning flashes. However, it has been 
observed that the deeper the s tom;  that is, the greater 
the height reached by the ascending current, the more 

prevent ianition, thus accounting in part, at least, for 
the fact t’hat 9 s  per cent of trees struck byIightningare 
not set on fire. Moreover, a rainfall of 0.25 inch will 
iiiake it 

fre uent are the electrical discharps. when b$$ki 
stri 1 es a forest tree the accompanymg rainfall w 

practically impossible for a fire to s 
,Many thunderstorms , however, are accompanied 
iueasurable rainfall. Furthermore, when 
conditions are well developed the resulting 
are from the north or northeast, the direction of most 
dangerous “fire winds” in the State. Partly because of 
their excessire dryness, but princ.ipaUy because of their 
fanning effect, thesc winds are most dreaded by foresters 
while hghting a forest fire. 

It might be inferred from the foregoing that li htning 
as a factor in oausin forest fires, varies with 8; rfferent 

case ma be noted from Table 2, which shows the num- 
ber of &es on the 18 national forests during the four 
years, 1918-1915, inclusive, and t.he number and per- 
centago caused by lightning. It is noteworthy that the 
Santa Bsrbara Forest, the one nearest the coast, had the 
least nuinher of lightning fires, and not L single fire 
caused by lightning in 1912 or in 1915, though 50 fires 
occurred tliiring the former gear and 147 fires during the 
latter year. On the other hand the Modoc Forest, the one 
farthest distant from the coast and well up in the moun- 

fires, 84.6 per cent of those in 1913 and 72.2 per cent o T tains, had relatively the greatest number of lightnin 

those in 1915 having been so caused. 
is due principally to the difference in the 
in the nature of thunderstorms in the 
one at  a low altitude along the coast, the other at a great 
altitude in the interior. 

Thunderstorms, like certain other elements of the 
weather, vary in number from yuar to year, and for this 
rcnson the number of lightning fires varies. As may be 
inferred from figures 3 and 4, which are winter photo- 
graphs of California forests taken by Mr. A. H. Cake, 
thundeistoms which occur cluring that season rarely 
start forcst fires. The humus and forest litter is then 
either snow covered or has been saturated by rains. In 
these mountain regions 85 per cent of all the recipita- 
tion received during the course of the year f a b  in the 
form of snow. Moreover, thc violent thunderstorms origi- 
nating from local surface heating are then infrequent. 
The great majority of forest fires in California occur dur- 
ing the months, July to September, inclusive. The 
winter snow is important in another res ect. It is recog- 
nized that susceptibility to forest fires CQ uring the summer 
months depends not only upon the character of that 
season, but also upon tho amount of snow which fell the 
preceding winter and the manner and rate of its disap- 
pearance upon melting. The importance of these con- 
siderations is apparent when the dryness of the forest 
floor is recognized as a factor. The average man, unac- 
quainted with forest conditions, would marvel at  the 
ease with which such an apparently green forest would 
ig!iite, even though the snow has but recently melted. 
Figure 5 is another photograph of Mount Shasta, show- 
ing a forest and lumber ilea at  its base. Sparks blowing 

were formerly a prolific source of forest and lumber-yard 
.fires. The adoption of efficient spark screens has now 
largely eliminated that cause of fires. 

forests as well as wit % different years. That such is the 

The 

from the smokestacks o P sawmills like the one here shown 
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TABLE %.--Eliscs in the national fore& tn Calvmia alrouring nicmber and 
pff&gs eaueed by lightning ditring 1912-1915. 

[Statistics by U. 8. Fomt Bcrvice.1 

I 1912 

No. .......... ;2 
anis ........ 20 

Cleveland ........ 41 
Eldonxlo ........ 23 

a t h  ....... SS 
Lsvlen ........... A5 
Madoc ........... 26 
Mono ............ 4 
Montcpap ........ 5 
PlUmaa .......... 00 

Bcqada ......... b 
shssta. .......... I a3 
Sierra ............ I 67 
st snUaus ....... l 23 
Tahoe ........... I 60 
lnnity .......... ! 37 

 TOM......^ 813 

Lyo& ........... 3 

R.nb Barbara.. . i , .SO 

d 

a 

6 

Q 

No. P.cl 
2 3  
6 25 
0 0  
2 9  
1 3 3  
32 39 
40 63 

0 0  
F $  

2061 25 
-- 

-. __ .. .. 

1914 I 1916 

li 
17 
37 
73 
33 
13 
Zi 
n 

25 
39 
11 
IS 
10 
19 

20 

Total number of firm during +year period. ................... 5,435 
Number of lightning fires during aame period.. ................ 1,800 
Average annual number of lightnin fires ____. - -. -. -. -. . - - -. -. . 450 

33 

It should be borne in mind that all forest fires started 
as small fires. When liohtning strikes a tree it may 

te the tree or the d6gris and undergrowth beneath, 
=fire later spreading if conditions are favorable. Of 
the three kinds of fires recognized by the Forest Service, 
all may be caused by lightning. These three kinds are 
(1) ground fires, which smolder indefinitely in the ground, 
consumin humus, duff, and roots of trees; (2) surface 

by undergrowth and d6bris; and (3) crown fires, which 
consume the entire forest cover. 

Bs in other States, California has zones peculiarly 
susceptible to li htning; zones which are perhaps inde- 

and lookout recognizes certain well-defined belts where 
lightning strikes most frequently. As a result, many 
local traditions have arisen and most of these are based 
on accurate observations. 

Percentage of lightning fires to totafnumber.. ................. 

fires, whi 5 spread over the surface of the forest floor, fed 

pendent of possib 9 e topographic influences. Every ranger 

American 

no other apparent effect 

CONCLUSIOK. 

The importance of li htning as a cause of forest fires 

of natural ori 'n, lightnin is ono of the factors whic I 
can never be gnlinated. %owever, the situation is not 

BdnF may be judged from t B e foregoing statements. 

- - - __ _- - __ - - - - - _- - - 
a Plumma, Rd Q. F m t  Ares. Wsshlngtm, 1912. (Forest Servlm Bulletin 117.) 

hopeless. The main ho e lies in the anticipation of fires 

when they occur. The fire-weather warning service gives 
ho e of reward. Thunderstorms with their destructive 

cunsidered. In  this, as in ot.her branches, the dommant 
need is for more field work in order to secure more com- 
plete data with reference to each individual forest. As 
this infonnat.ion is secured further advance may be 
expected of meteorology in general, and of fire-weather 
forecasting in particular. 

and t.he making availa 1 le of facilities to subdue them 

lig 1 tning form simply one of the elements which must be 
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